The in£uence of several environmental factors on the abundance and spatial^temporal distribution of the shrimp Artemesia longinaris were investigated from January 1998 to December 1999 in the Ubatuba region of Sa‹ o Paulo State, Brazil. Collections were performed monthly in the bays of Ubatumirim (UBM), Ubatuba (UBA) and Mar Virado (MV). Six sampling transects were established in each bay, four were parallel to the shore line, and two were next to the rocky shores. A commercial shrimp ¢shing boat equipped with two 'double-rig' nets was used. A total of 11,503 individuals was collected, including 1633 from UBM, 6344 from UBA and 3526 from MV. The majority of the captured specimens came from the deeper areas (15 to 20 m) with high salinity (34 to 36 ppt). The highest abundance of A. longinaris in Ubatuba bay was recorded in areas where ¢ne and very ¢ne sand comprised more than 70% of the sediment. Moreover, the abundance of A. longinaris followed a seasonal trend, being higher during the summer, when intrusions of cold South Atlantic Coastal Waters (SACW) are frequent. Thus, type of sediment, temperature and salinity are determinant factors in the distribution of A. longinaris in the studied region.
INTRODUCTION
Shrimp ¢sheries in south-eastern Brazil target the most pro¢table species, such as the pink shrimps Farfantepenaeus brasiliensis (Latreille, 1817) and F. paulensis (Pe¤ rez-Farfante, 1967) , the white shrimp Litopenaeus schmitti (Burkenroad, 1938) and the seabob shrimp Xiphopenaeus kroyeri (Heller, 1862) . Modi¢cations of the scienti¢c names were following Pe¤ rez- Farfante & Kensley (1997) . The increases of the ¢shing £eet and the decrease in landings of commonly exploited species have contributed to the expansion of the Artemesia longinaris Bate, 1888 ¢shery (D'Incao et al., 2002; . The geographical distribution of this species is restricted to the western Atlantic, being recorded from Atafona (Rio de Janeiro, Brazil) to the province of Chubut, Argentina. This shrimp lives exclusively in the marine environment throughout its life cycle (Boschi, 1969) . Dall et al. (1990) reported several environmental factors that might be fundamental determinants of the spatial and temporal distribution of penaeid shrimps, such as type of sediment, salinity, depth and temperature.
Little is known about the biology of A. longinaris along the Brazilian coast . Several studies have been conducted in Argentinean waters, where this species is important, not only for commercial ¢sheries, but also as major components of marine food webs (Boschi, 1963 (Boschi, , 1969 . However, the scope of these studies is limited to faunistic surveys and geographical distribution patterns (Boschi et al., 1992; D'Incao, 1995; Nakagaki et al., 1995; Boschi, 2000; Costa et al., 2000 Costa et al., , 2003 and some aspects of population biology (Nascimento, 1981; Ru⁄no, 1991) . Concerning ecological aspects, described the seasonal abundance patterns of this species in Ubatuba region of Sa‹ o Paulo State. Nevertheless, the spatial and temporal distribution of A. longinaris o¡ the Brazilian coast is still poorly understood.
The goal of the present study is to characterize the spatial and temporal distribution patterns of A. longinaris in three bays in the Ubatuba region, south-eastern Brazil, as well as to correlate these patterns with key abiotic factors, namely salinity, temperature, depth, sediment texture, and organic matter content.
MATERIALS AND METHODS
Shrimps were collected monthly from January 1998 to December 1999 at Mar Virado (MV), Ubatuba (UBA) and Ubatumirim (UBM) Bays, in the Ubatuba region, Sa‹ o Paulo State. Each bay was divided into six sub-areas (transects) selected for their position relative to the bay inlet, the presence of rocky walls or beaches along the boundaries, the fresh water in£ow, and the proximity of o¡shore water, depth and sediment texture. Four transects were established at mean depths of 5 (IV), 10 (III), 15 (II) and 20 m (I), and the other two adjacent to rocky shores (one exposed and one sheltered shore, transects V and VI, respectively) ( Figure 1) . A shrimp ¢shing boat equipped with two double rig nets (mesh size 20 mm and 15 mm in the cod end) was used for trawling. The transects were trawled over a 30-min period.
Salinity (ppt) and temperature (8C) were measured in bottom-water samples, obtained each month for each transect using a Nansen bottle. An ecobathymeter coupled with a GPS (Global Positioning System) was used to record depth at sampling sites. Sediment samples were collected in each season with a 0.06 m 2 Van Veen grab. In the laboratory, the sediment was dried at 70 o C for 72 h in an oven. For the analysis of grain size composition, two 50 g sub-samples were separated, treated with 250 ml of a NaOH 0.2 N solution and stirred for 5 min to release silt and clay particles. Sub-samples were then rinsed on a 0.063-mm sieve.
Sedimentsweresievedthrough 2 mm (gravel);2.0^1.0 mm (very coarse sand); 1.0^0.5 mm (coarse sand); 0.5^0.25 mm (medium sand); 0.25^0.125 mm (¢ne sand); 0.1250 .063 mm (very ¢ne sand), and smaller particles classi¢ed as silt^clay. Cumulative particle size curves were plotted using the phi-scale, phi values corresponding to 16th, 50th, 84th percentiles were read from the curves to determine the mean diameter of the sediment. This was calculated according to the formula Md¼(j 16 +j 50 +j 84 )/3, after that, the phi was calculated from the formula j¼7log 2 d, where d¼grain diameter (mm) (see Hakanson & Jansson, 1983, and Tucker, 1988) .
The organic matter content (%) was obtained by ashweighing: three aliquots of 10 g each per transect, placed in porcelain crucibles for 3 h at 500 o C, then the samples were weighed again (see Mantelatto & Fransozo, 1999) .
Graphic representation of sediment texture was performed by plotting a triangular diagram using the three most representative granulometric classes, as in Magliocca & Kutner (1965) gravel (G40.25 mm) account for more than 70% by weight. In Class B, ¢ne sand (FS) and very ¢ne sand (VFS) make up more than 70% by weight of sediment samples (0.25^0.0625 mm). More than 70% of sediments in Class C are silt and clay (S+C). These three categories are further combined to form six di¡erent groups: PA¼(IS +CS+VCS+G) 470%; PAB¼prevalence of A over B (FS+VFS); PAC¼prevalence of A over C (S+C); PB 470%; PBA¼prevalence of B over A; PBC¼prevalence of B over C; PC 470%; PCA¼prevalence of C over A; PCB¼prevalence of C over B. The abundance of shrimps was compared with years, bays, transects and seasons (summer, autumn, winter and spring) of the year using analysis of variance (ANOVA). The in£uence of environmental factors on the species abundance were evaluated by multiple linear regression and also compared through ANOVA. Data were logtransformed prior to the analysis to improve their normality (Zar, 1999) .
RESULTS
The season factor was analysed independently since the interaction between season and year was found not to be signi¢cant (ANOVA, F¼0.59, P40.05). A total of 11,503 individuals was collected; 9142 during the ¢rst year and 2361 during the second (interannual di¡erences are not statistically signi¢cant, F¼1.85, P40.05). Overall, abundance was lower in Ubatumirim (1633), when compared with Mar Virado (3526) and Ubatuba (6344). In general, shrimp abundance varied seasonally with signi¢cant high abundance found through the summer for both years (ANOVA, F¼15.94, P50.01). Lower abundance values were recorded in winter and spring (Table 1, P40.05).
Variation of abundance of the shrimp Artemesia longinaris R.C. Costa et al. 109 Journal of the Marine Biological Association of the United Kingdom (2005) Average grain size of sediments varied from intermediate sand to silt and clay. As shown in Table 2 , the amount of mud in the sediments decreased northward within the sampled areas, that is, from Mar Virado to Ubatumirim. In Mar Virado Bay, the silt + clay fraction (PC) prevailed in all transects, in Ubatuba and, especially, Ubatumirim Bay a predominance of ¢ne and very ¢ne sand, associated with silt and clay, was observed, except for transects IV (PC) and VI (PCA) in Ubatuba and transect I in Ubatumirim (PA).
In general, the highest values of organic matter content were obtained in transects III, IV, Vand VI and the lowest values in transects I and II ( Table 2 ). The largest number of organisms was collected at sites with intermediate levels of organic matter, i.e. between 6 and 9% (Figure 2) .
The mean depth of each transect in the bays sampled were: I (22.2 AE0.6 m), II (16.5 AE1.1m), III (11.6 AE1.1m), IV (5.9 AE0.4 m), V (9.2 AE1.5 m) and VI (6.8 AE2.3 m). The vast majority of Artemesia longinaris specimens were captured in transects with ¢ne and very ¢ne sand substrates (PB, Figure 2) , as well as in higher depths, such as transects I and II in Ubatuba and Mar Virado (Table  2) . On the other hand, in Ubatumirim the highest abundance was concentrated in transect III, which was also characterized by ¢ne and very ¢ne sand and 13.3 m deep.
Approximately 80% of the organisms were captured during the summer months in both years (Table 1) . There was a substantial temperature di¡erence among transects during spring and summer. The temperature in transects I through III was lower than in transects IV through VI (Figure 3) . During the rest of the seasons, mean temperature values were homogeneous.
Variation in the average bottom salinity within each bay is shown in Figure 4 . Di¡erences in salinity between bays is substantial with the lowest mean values recorded in Mar Virado. In general, higher salinity ranges were found in transect I, whereas lower salinities were found in transects IV and VI. As shown in Figure 2 , A. longinaris was recorded at higher salinities (434 ppt) and temperatures ranging from 19 to 228C.
The analysis performed using the selected environmental variables and the abundance of the species (r¼0.26; P¼3.3E^25; F¼30.11) can be expressed by the following relationship: A¼ À16.57À 2.22t + 7.73s + 0.30o + 2.71d + 1.49f where: A¼abundance; d¼depth; f¼phi; t¼bottom temperature; s¼bottom salinity; o¼organic matter.
The abiotic factors such as: sediment (f) (t¼3.74, P50.001), salinity (t¼2.56, P50.01), and depth (t¼9.86, P50.001) were positively associated with the number of collected individuals. The opposite was true in the case of bottom temperatures (t¼À2.09, P50.05), which showed a negative association. However, no correlation was observed between organic matter content and abundance of this species (P40.05).
DISCUSSION
Water temperature, salinity and sediment texture can be considered to be key factors underlying the ecological distribution of Artemesia longinaris. This was exempli¢ed by the high abundance of this species in areas with ¢ne and very ¢ne sand substrates, high salinity and low temperatures.
Higher abundance of A. longinaris in Ubatuba Bay, mainly at higher depths, is probably the result of the predominance of ¢ne and very ¢ne sand in that area. In Argentinean waters, A. longinaris is found at depths ranging from 2 to 125 m, and in areas with sandy or muddy substrates (Boschi, 1963 (Boschi, , 1969 D'Incao, 1995) . However, the present study found few specimens in shallow areas, even when abiotic characteristics such as sediment type were favourable for their establishment. We suggest that the combination of lower salinity and high temperature in shallow coastal waters may prevent this species from entering areas shallower than 15 m. This spatial pattern indicates that the life cycle of A. longinaris corresponds to the type III proposed by Dall et al. (1990) . Species under this category are restricted to truly marine environments, with individuals usually migrating from inshore to o¡shore areas during their ontogeny. found a similar distribution pattern for Pleoticus muelleri in Ubatuba region.
Several authors have suggested that the distribution of penaeoid shrimps is strongly in£uenced by the texture and the organic content of the substrate (e.g. Boschi, 1963 Boschi, , 1969 Stoner, 1988; Dall et al., 1990; Nakagaki et al., 1995) . However, no correlation was observed in the present study between organic matter content and the abundance of A. longinaris. Similar results were obtained by for Rimapenaeus constrictus Stimpson and by for P. muelleri in the same region. Somers (1987) observed that, in the Gulf of Carpentaria, Australia, juveniles of Penaeus esculentus and P. semisulcatus are associated with sandy and muddy sediments, respectively, and high organic matter content, although the latter preference is absent in adults of the same species. Branford (1981) found similar results for Penaeus monodon and P. indicus. On the other hand, Ruello (1973) concluded that the distribution of Metapenaeus macleayi (Haswell, 1879) is more a¡ected by grain size than by the availability of food.
Other studies have suggested that salinity and temperature might play a role in determining the ecological distribution of A. longinaris. Ru⁄no (1991) and Boschi (1963 Boschi ( , 1969 stated that this species is typical of colder regions, occurring in a temperature range from 15 to 218C and salinity above 33 ppt. According to Castro-Filho et al. (1987) , coastal waters (CW) in£uence environmental conditions in shallow waters up to 25 m deep. In this region, salinity is always below 36 ppt and temperature higher than 208C. Another environmental factor that might in£uence water temperature in this region is the South Atlantic Coastal Waters (SACW), which is more prevalent during summer and late spring, when it causes temperature to decrease in deeper areas, which might occasionally reach coastal areas.
The shrimp A. longinaris, together with Pleoticus muelleri, migrates to the north shore of Sa‹ o Paulo State during the intrusions of cold SACW. This current occurs during the spring and/or summer months, causing a decrease in temperature to levels between 15 and 218C. However, the abundance of these species di¡ered between years and seasons in the present study. Contrary to what was observed in A. longinaris, P. muelleri capture was low during 1998 (N¼376 individuals). Conversely, in the following year, 5876 specimens were collected mostly during the spring (see Costa et al., in press ). This might have been caused by the lower temperatures in the second year, particularly during the spring, when temperatures were below 198C. According to Castro-Filho et al. (1987) the SACW reaches a northern limit in the State of Rio de Janeiro, after which temperatures are markedly higher than in southern Brazil.
Our data suggest that A. longinaris can cope with more pronounced thermal oscillations and migrates further north along the Brazilian coast than P. muelleri. Thus, following the retraction of the SACW, P. muelleri starts its migration south earlier than A. longinaris. It is conceivable that A. longinaris and P. muelleri adjust their distribution in space and time according to their intrinsic physiological limitations, possibly as a result of di¡erences in their adaptation to the resources present in tropical regions.
